The co-enzyme concerned in acetylation of choline in brain and of sulphanilamide in liver has been shown to contain pantothenic acid (Lipmann, Kaplan, Novelli, Tuttle & Guirard, 1947) . At the suggestion of Dr Lipmann, pantothenic acid was tested as a factor in the synthesis of acetylcholine by a strain of Lactobacillus plantarurn. It proved to be essential both for acetylcholine formation and for growth (Stephenson & Rowatt, 1947) . This paper contains a more detailed examination of the phenomenon.
Methods
The strain, provisionally identified as L. plantarum, was that described by Stephenson & Rowatt (1947) , and it was maintained on media containing 1 yo peptone instead of the tryptic digest of casein previously used. For washed suspensions, cells were grown on Stephenson & Rowatt's medium 5 , biotin being omitted, as this had proved to have very little effect on growth. Pantothenate was not added. Growth experiments were carried out in test-tubes each containing 10 ml. of the above medium with the inclusion of choline at a final concentration of 500 pg./ml. Calcium pantothenate, /3-alanine, glucose, sodium acetate and cystein were sterilized by filtration. Pantoic lactone, kindly supplied by Dr F. Bergel of Roche Products Ltd., was sterilized and hydrolyzed by autoclaving in 0.1 N-NaOH. When deficiencies other than that of pantothenate were investigated, the casein used was an acid hydrolysate of vitamin-free casein supplied by Ashe Laboratories. The folic acid used was a concentrate supplied by Prof. F. C. Happold. For the effect of this substance on growth, synthetic pteroylglutamic acid was substituted. All cultures were incubated at 25" for 48 hr. unless otherwise stated.
Resting cells were resuspended in medium 6 of Stephenson & Rowatt (1947) . Acetate was added and the glucose concentration used was 100 mg./ml. Calcium pantothenate and other compounds were added as stated. The suspensions were incubated a t 25" for 3 or 4 hr.
Turbidity of suspensions and acetylcholine were estimated as previously described (Stephenson & Rowatt, 1947) . Glucose was estimated by the method of Miller & van Slyke (1936) and lactic acid, after treatment with copperlime, by the method of Friedemann & Graeser (1933) .
Effect of pantothenic acid on growth
Cultures incubated for 24 hr. in a medium free from pantothenate showed no visible growth. A faint turbidity was apparent after 48 hr., but this did not increase on further incubation. In a medium containing pantothenate, growth was visible in 24 hr. and was almost complete after 48 hr.; maximal growth was obtained with 0.02 pg./ml. calcium pantothenate (Fig. 1) .
Pantoic lactone or /3-alanine (0.1 pg./ml.) did not increase growth on the pantothenate-deficient medium. If both were added together, growth was slightly greater at levels equivalent to 0.02, but not 0.01 pg./ml. calcium pantothenate ( Table 1) . 
Effect of pantothenic acid on acetylcholine production during growth
An increase in level of pantothenate in the growth medium caused an increase in the acetylcholine formed, whether this was calculated per unit volume of the medium or per unit dry weight of cells produced (Figs. 2,3) . Acetylcholine formation continued slowly for some days a t pantothenate concentrations above 0-005 pg./ml., but at this level the acetylcholine content remained low. I n the pantothenate-free medium, turbidity readings and acetylcholine values tended to be unreliable. This was especially so in the case of acetylcholine for which the values (per mg. cells) were very high, probably on account of substances present in the medium which increased the acetylcholine contraction of the rectus when present above a certain liminal concentration. At higher titres of acetylcholine, a smaller volume of medium was necessary for assay, and the liminal concentration of these substances was not reached. Pantoic lactone and p-alanine added separately again did not replace pantothenic acid and together gave only a small effect ( Table 1) .
Each of the growth factors present in the medium was omitted in turn. Nicotinamide was the only substance stimulating growth and, with it, acetylation of choline. Acetylcholine formation per mg. of cells was unaffected (Table 2 ( a ) ) . p-Aminobenzoic acid and folic acid were treated together, both being left out of the medium and the effect of one in the absence of the other determined. No effect was observed on growth, but each seemed to affect acetylcholine formation (Table 2 (b) ). Woods & Nimmo Smith (1947) have found p-aminobenzoic acid to be a factor in the growth of this strain, suggesting that this substance was present in our medium. The effect of traces of growth factor carried over in inocula was not eliminated by serial subculture on the deficient ... media. 
Ecffect of pantothenate on acetylcholine formation by pantothenatedeJicient cells in washed suspension
The crop from a litre of medium deficient in pantothenate was very small, of the order of 10-20 mg./l. This contained very little acetylcholine initially, and incubation in medium 6 for 4 hr. caused an increase of as much as twice the original. With added pantothenate, a 5-6-fold increase was obtained. Under these conditions, the enzyme system became saturated with pantothenate by the addition of 0.04 pg./ml. calcium pantothenate to the suspension (Fig. 4) . The dry weight of the cells was 0-58 mg./ml. From the curve shown in Fig. 4 it is seen that the concentration of calcium pantothenate giving 50 yo saturation of the enzyme system is c. 0.014 pg./ml.
Addition of pantothenate to washed suspensions of cells grown in an optimal concentration of pantothenate did not increase acetylcholine formation. /3-Alanine and pantoic lactone added at a level equivalent to 0.1 mg./ml. calcium pantothenate did not increase acetylcholine formation by pantothenate-deficient cells in washed suspension.
Although the addition of pantothenate to deficient suspensions increases acetylcholine formation, it had no effect on glucose utilization or lactic acid formation. For example, the glucose concentration of the suspending medium was reduced to 1-5 mg./ml., and the suspension, containing 0.66 mg./ml. cells, was incubated for 3 hr. Acetylcholine, glucose and lactic acid were estimated before and after incubation. I n absence of added pantothenate, utilization of 510 pg. glucose gave rise to 394 pg. lactic acid, while 0.03 pg. acetylcholine was formed. When pantothenate was added, 490 pg. glucose was fermented to give 392 pg. lactic acid with the formation of 1.6 pg. acetylcholine. The percentage of lactic acid formed from glucose by normal suspensions of this organism is of the same order (Stephenson & Rowatt, 1947) .
